Abstract: Nonunion of long bone fractures has become a common problem in orthopaedic practice. Nonunion of a fracture can occur both in conservative as well as in operative treatment. When infection is added to nonunion, the condition becomes intractable. The treatment gets prolonged over many years and sometimes it ends in amputation. This study aims to treat the intractable infected non-union of long bones by bifocal osteosynthesis of Ilizarov's principle with Limb Reconstruction System. We conducted a prospective study on infected nonunions of long bones with 20 patients. All cases of femur and tibia were considered between the age group of 27 and 50 years. Limb reconstruction system was used in all the patients along with corticotomy was done as a preferred choice of fixation. All the 20 cases presented to us with discharging sinus except one case. 2 cases out of 20 cases went stiff nonunion. 18 cases out of 20 cases were mobile nonunion. Our follow up varies from 4 months to 12 months, with an average of 8 months. The nonunion site united in all the cases by the end of 16th week. The sinus got cleared in all the 20 cases by the end of 9th week. There was no difficulty in this series as far as the transportation phase in concerned. There was a considerably delay in the consolidation phase in all cases. Of them, 4 cases had pin tract infection. Hence the fixator was removed and functional cast brace was applied. After a period of waiting for the consolidation to occur, the final result of the healing of the osteotomy with good bone healing in about 12 cases, a delay in healing in 6 cases, 2 cases had delayed union, which needed bone grafting. In all the cases, there was no infection in the osteotomy site.The method of treatment of infected non-union by the monoliteral external fixator with a predictable healing of nonunion and control of infection is well shown in this study. Though there are some complications with this method, it can be overcome by careful preoperative planning, appropriate surgical techniques and adequate follow-up, which will definitely make this method a very successful one.
INTRODUCTION
Nonunion of long bone fractures has become a common problem in orthopaedic practice. Nonunion of a fracture can occur both in conservative as well as in operative treatment. When infection is added to nonunion, the condition becomes intractable. The treatment gets prolonged over many years and sometimes it ends in amputation. It is difficult to treat the non-unions, more so in the case of infected nonunion because of the following reasons.
 Usually the non-union had been operated more than 3 to 4 times resulting in cicatrisation of the soft tissue with an avascular environment around the fracture site.  The sinus tract formation, leading on to the fracture site indicating dead bone or sequestrum inside.  To a considerable distance from the non-union site of long bones, due to the thrombosis of blood vessels of Haversian cannals, resulting in necrosis of bone.  Prolonged immobilization, multiple operative procedures with fibrosis of the muscles leads on to a stiff joint and may have fracture disease.  The microorganism develops resistant to the antibiotic therapy and also poses a problem in controlling the disease.
In the past, there were several authors, who tried solving the problem by many methods, where in all the factors of nonunion like deformity, shortening, infection and abnormal movement were managed with questionable success.
The Russian Surgeon G.A. Ilizarov devised a method by which the basic factors of infected nonunion like abnormal movements, gap, sinus and the poor vascularity of the ends were managed by a single procedure with predictable success.
The concept of Bifocal osteosynthesis is distraction at osteotomy site and compression at nonunion site. Rhythmical distraction leads on the neoosteogenesis and consolidation of corticotomy site. This procedure of transporting a segment of bone increases the vascularity of the fracture ends. Once the vascularity of the fracture ends increases, the infection will be eradicated and there will be healing of nonunion.
Aim of the study
The aim of the study is to treat the intractable infected non-union of long bones by bifocal osteosynthesis of Ilizarov's principle with Limb Reconstruction System.
MATERIALS AND METHODS
The material for this study consists of 20 patients with infected non-union of long bones, who were admitted in Sree Balaji Medical College Hospital, Chennai from July 2015 to October 2017. The Inclusion criteria for the study include those with infected nonunion of long bones.
The Exclusion criteria includes  Noninfected nonunions,  Intra-articular fractures and  Fractures with neuro-vascular deficit.
Diagnosis was established in all patients by the history and proper physical examination and the investigations. A history is taken from the patient including the date of injury, the detail of original accident and subsequent treatment.
On presentation, the following were evaluated  limb length measurements,  range of motion of the joint,  condition of skin and vascularity,  co-existing ligamentous instabilities and  General medical condition.
The condition of soft tissue surrounding the non-union site is of paramount importance, because the presence of a draining sinus or a thin and un-yielding soft tissue envelope will certainly limit or redirect the surgical methods to be used. Preoperative radiographs of the affected extremity were taken. Anteroposterior and lateral X rays were taken and evaluation was made.
Evaluation of results
Bone healing and functional results were evaluated according to a modified Association for the Study and Application of the Method of Ilizarov's (ASAMI) classification.
Bone healing was evaluated as follows
An excellent result was defined as a union without infection, with less than 7° deformity and less than 2.5 cm leg-length inequality.  A good result was defined as a union, with two out of three criteria for an excellent result present.  A fair result was defined as union with one of the three criteria present.  A poor result was a non-union or refracture, without any of the above three criteria fulfilled.
Functional assessment was based on five criteria  Observable limp,  Stiffness of knee or hip (loss of >700 of knee flexion, or loss of >150 of extension; loss of >50 % hip motion in comparison with the normal contralateral side),  Soft tissue sympathetic dystrophy,  Pain, that reduced activity or disturbed sleep, and  Inactivity (because of unemployment or an inability to return to daily activities due to the injury).
The functional result was classified according to the following criteria An excellent result was if the patient was active, able to accomplish his/her daily activities, and the other four criteria were absent.  A good result was if the patient was active, but one or two of the other criteria were present.  A fair result was if the patient was active, with three or four of the other criteria present.  A poor result was if the patient was inactive, regardless of the presence of other criteria.
Surgical techniques Anaesthesia
The surgery was performed under both the general and spinal anesthesia. All operations were done at the regular operation theatre under aseptic precautions. Initially, a thorough wound debridement was done along with removal of sequestrum and infected, necrotic materials followed by application of Limb Reconstruction System. Intravenous antibiotics were given postoperatively. As a secondary procedure, and open corticotomy performed. Among the other cases, where there was florid/active infection, corticotomy was deferred, until infection settled.
Fig-1: Fixation
The first screw to be inserted is the most proximal one, which will engage the thick calcar bone at a point just above the lesser trochanter, avoiding the capsule of the hip joint. The appropriate screw guide is now selected and inserted using the trocar to locate midpoint of bone. It is then locked into 4th seat of proximal clamp of bone. The correct length 4.8mm drillguide is now inserted into screw guide and using 4.8mm drill bit, first and second cortices are drilled. Both are then removed and Schanz screw is inserted using T-handle.
Fig-2: Fixation of the device
The next screw to be inserted is the most distal one. The position of distal screw is critical, since, if it is incorrectly placed, the screws in the middle clamp may miss the bone. The screw seats 1, 2 and 4 (starting from proposed osteotomy site) in proximal clamp are used.
Among the middle and distal clamps, screw seats 1 and 5 are used. Drillguide is now inserted into screw guide and using 4.8mm drill bit, first and second cortices are drilled. Both are then removed and Schanz screw is inserted using T-handle.
Fig-3: fixation of the device
The remaining screws are inserted in a similar fashion and the clamp templates are locked to the rail. The Limb reconstruction system is now applied. The clamp templates are now removed and straight clamps are applied at distance of 2cm between the skin and the rail.
CORTICOTOMY [Fig-4, 5]

Fig-4: Corticotomy
The original technique described by De Bastiani [11] was a corticotomy rather than an osteotomy, since it was originally thought important to preserve the medullary blood supply. It is difficult to achieve a true corticotomy, however, and since there is now considerable evidence of the rapid recovery of the medullary blood supply following a complete osteotomy, the latter is normally performed today It is important, however, to preserve the periosteum, since this layer has been demonstrated to be a most important site of osteogenesis [12] . The site chosen for the osteotomy should ideally, be metaphyseal or immediately submetaphyseal, since this is a wider and more vascular region and has been shown to have better osteogenic potential than the diaphysis [13] .
Once the frame has been constructed, attention is paid to the osteotomy site, the osteotomy is performed with a small, sharp osteotome. Three fourth of the bone circumference can be cut this way. The remaining portion must be fractured. This can be accomplished by leaving the osteotome 90 degrees or by turning the pins back and forth. Osteotomy was completed. The transport fragment is then advanced 1 mm to ascertain that the osteotomy is complete. Then the wound is closed without any distraction.
A screw guide with drill guide is now placed on the bone and a series of controlled drill holes made across the bone, penetrating the farcortex each time. A drill stop is used to prevent damage to the soft tissues. The holes are now connected with an osteotome and since the bone has been pre-tensioned the bone ends will gently drift apart once the osteotomy has been completed.
Completeness of the osteotomy is confirmed by exploration of the gap using a probe, assessment of the ease of distraction and the appearance under image intensification. The osteotomy is then gently compressed, the periosteum reconstituted in cases, where it has been incised, and the wound closed with a drain.
Fig-5: Corticotomy
Fig-6: Corticotomy
The knee is now flexed [ fig 6] and extended to ensure that the skin around the screws is not under tension and to allow for easy movement of muscles and fascia. An X-ray is taken to check that the lengthener has been mounted parallel to the diaphysis.
Post-operative management
Distraction started after a lag period of 7 to 10 days, following which a distraction of 1 mm / day was done. This distraction was done rhythmically at a rate of 0.25 mm every six hours. The patient was given training in rhythmic distraction, and advised it was important to follow the same till the distraction is over. The rate of distraction should be temporarily increased, where rapid ossification is observed or reduced, if ossification is slow or if the patient complains of pain or muscle contraction.
As a general rule, however, it can be stated that in stable fractures, progressive loading should commence 2-4 weeks postoperatively, and in unstable fractures, 5-8 weeks post-operatively.
The patient should commence weight bearing with crutches the day after the operation. The waiting period before starting distraction is normally ten days in adults and about five days in children and patients with rapid ossification After 1 cm of lengthening has been achieved, an X-ray is performed to ensure that distraction is taking place correctly. The patient is then allowed to leave hospital.
Outpatient follow-up
An X-ray is then taken every 30-40 days to check that osteogenesis is occurring, in which case lengthening is continued. If the density of the lengthened portion is poor, but uniform, lengthening is stopped for one or two weeks. If the callus is irregular, the segment is compressed by one or two centimeters at the same rate as for lengthening, until the callus is uniform, when lengthening is resumed.
At the end of lengthening, the X-ray should show a uniform callus. The lengthener body is now locked to maintain the new bone in stable neutralization. The compression-distraction unit is no longer required and is removed at this stage to make the assembly lighter.
When the X-ray shows that the segment is uniformly dense and opaque, dynamization is commenced by loosening the central body locking nut. During dynamization, weightbearing on the lengthened limb should be total.
Fixator removal
Pins were removed, once we see periosteal tube at the distraction site and atleast 3 cortices in AP and lateral views. The lengthener is removed, once Xrays and clinical assessment indicate good bony consolidation. Radiological and clinical review should be carried out 6 months after fixator removal.
Maintain the exact length of fixator by tightening the locking. The fracture can be manipulated after removal of the fixator to ensure that clinical healing has been achieved.
If there is any doubt regarding clinical and radiological healing and provided the screws are welltolerated, the fixator can remain in situ for a further period of two weeks.
If the clinical and radiological healing has been achieved, the fixator and screws can be removed immediately as a simple outpatient procedure. The screw entry holes are then usually dressed every two days, until they close spontaneously, which normally takes place after 7-10 days.
Hence, we have decided to study the effect of segmental transport in the management of infected, non-union of long bones by Ilizarov's concept using the Limb Reconstruction System. Hence, we have decided to study the effect of segmental transport in the management of infected, non-union of long bones by Ilizarov's concept using the Limb Reconstruction System.
OBSERVATION AND RESULTS
Table-1: The site of nonunion and number of cases is shown in.
Site of Non-Union No. of Cases FEMUR TIBIA 14 6 Table- There was a considerably delay in the consolidation phase in all cases. Of them, 4 cases had pin tract infection. Hence the fixator was removed and functional cast brace was applied. After a period of waiting for the consolidation to occur, the final result of the healing of the osteotomy with good bone healing in about 12 cases, a delay in healing in 6 cases, 2 cases had delayed union, which needed bone grafting. In all the cases, there was no infection in the osteotomy site. The pin tract infection was seen in 2 cases. Mostly in proximal pin site in 1 case and at distal pin site in 1 case.
Refracture occurred in 1 case, which was treated by removal of the fixator and reapplication of fixator. Premature consolidation of corticotomy site occurred in 1 case, which was treated by recorticotomy and bone transport. Axial Deviation occurred in 1 case on fixator removal, when the callus is still plastic and is due to increased muscular tension or weightbearing and early removal of fixator.
One patient was HbsAg positive, who had supracondylar femur fracture and fixator was applied spanning knee. But, due to florid, uncontrolled infection, the patient went in for above knee amputation.
Of the 14 cases of Femoral nonunion, there were 3 cases of knee joint stiffness, but corrected to some extent later. Of the 6 cases of Tibial nonunion, 2 cases had shortening of leg with an average of about 1.5 cm. 
DISCUSSION
All over the globe, in the recent past, a tremendous interest has been shown in distraction osteosynthesis. The clinical fact that distraction can produce new bone formation was showed as early as 1900 by Codivilla [1] [2] [3] . The effect of rhythmical distraction which generates new bone formation was enlightened by Ilizarov from 1951 onwards [1, 2] .
The effect of corticotomy on increased vascularity of the whole limb as well as the fixator in the fracture site was still under study. The distraction on tensile force at the corticotomy site, the lining cells covering the bone ends are able to differentiate into osteogenic and chondrogenic cells under an adequate stimulus and environment. This type of osteosynthesis even called as "intramembranous ossification" of Ilizarov [1, 3, 6] .
This type of regeneration of bone can be obtained by an appropriate distraction rate. This rate appears to be critical in the new bone formation and maintenance of adequate blood supply. In the present study, monoplanar external fixator was used and appropriate rhythmical distraction was done. About 80% of cases showed good periosteal tube of new bone formation.
The effect of corticotomy on the healing of bone was also explained by intact intramedullary blood supply by microangiographic studies. It is experimentally proved by Drey et al [4] that there is no difference in regeneration to the healing sequence, in rhythmical distraction either after corticotomy or after osteotomy. The microangiographic study is essential at this juncture to prove that there is intact medullary tube after corticotomy in this series.
The corticotomy was advised by Prof. Ilizarov [7] mostly in the metaphyseal region, whereas in the present series, it has been done in the most of cases in the diaphyseal region, which may have called in other words as "callostasis" or callus distraction. Callostasis was usually done after a lag period of 2 weeks in adults and 10 days in children. In the present study, there was a considerable delay in the consolidation phase of many cases, which may be shortened in time by bone grafting and plating at the osteotomy site as advised by Jeorge Alenso [10] , who also used a similar AO/ASIF tubular fixation in the segmental defect.
The present series showed a good response in eradicating the intractable infection within 9 weeks and union at nonunion site in 95% of cases, the healing the lesions has viewed critically for a period of 2-4 years before declaring the lesion is healed.
Union achieved by repairing defects with cancellous grafts as recommended by Johnson et al and Lack et al. [8, 9] may prove to be acceptable alternatives. The biomechanical structure of the restored bone may require years to remodel to achieve the radiological appearance of that obtained by distraction regeneration of Ilizarov method.
Recent advances in microvascular anastomosis technology have permitted vascularized osseous transfers for dealing with missing bone tissue. In the lower limb, such grafts, whether fibula or iliac crest take years to hypertrophy and often fracture one or more times before complete remodeling. Wood et al showed that only 40% of patients with osseous sepsis went on to unite microvascular osseous transplants [2, 3, 5] .
Indeed, it is a good method for the management of intractable infective nonunion of long bones with success rate of 95% as far as the eradication of infection and union at nonunion site is concerned.
CONCLUSION
The method of treatment of infected non-union by the monoliteral external fixator with a predictable healing of nonunion and control of infection is well shown in this study. Though there are some complications with this method, it can be overcome by careful preoperative planning, appropriate surgical techniques and adequate follow-up, which will definitely make this method a very successful one.
